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1. Summary

Known:

e Growing sea ice is a source of dense brine

e Physical properties of sea ice depend on salinity
¢ Salinity and salt flux depend on growth conditions

Aim:

Determine the dependency of the stable sea ice salinity dnfiusa
on the growth velocity and temperature gradient in the idh@pres-
ence of an oceanic heat flux.

Method:
e Treat sea ice as porous medium, porosity
¢ 2-dimensional finite volume fluid dynamics simulations

—Iimpose oceanic heat fluxy

—Impose heat exchange with atmosphere

—determine salt fluxXbs; sea ice salinitys

—determine temperature gradielit/dz ice growth velocity
—find empirical relationship

Og = Og(Fy; dT/dz V)
S = S(Fw; dT/dz V)

2. Governing equationé

¢ Single set of governing equations for porous sea ice and ofetn |
rich et al., 2006)

¢ \/olume averaged equations volume fraction of liquid,f

e Local physical properties: weighted averages of solifk)(jand
liquid ([-])
e Isotropic permeabilityfI( f)

Mass conservation:
0

ps|0f o(fu) o(fw)
[1 p|](9t+ ax oz

Momentum conservation:

o(fu)y o(fuu) a(fuw)]  [8%(fu) d%(fu) op . U
[ " ox | oz | =¥ ox T Toz fax faf
a(fw) a(fwu) a(fww)]  [0%(fw) d%(fw) op u
[ ot T ox | oz | =H| o T oz f62+f’og foW

Energy conservation:
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Solute conservation:
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Local thermodynamic equilibrium:
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3. Background

Desalination occurs 30! v=2cmday*

e Over a relatively short pe- 50!
riod of time (At) after initial ~ (psu) desalination
freezing (Nakawo and Snha, 10, f almost complete
1981) =S

e close to the ice—ocean inter- 04 6 8 10 12 14
face t (days)

Simulated desalination 0.3 m
below the ice—air interface.
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6. Salinity profile

e Ice—air interface temperature20 °C
e Oceanic heat flug,, = 0 Wm2
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Average salinity profile (solid Corresponding vertical
line), and parameterisation salinity profile.
(dashed line) from Equation (1).

4. Computational domaitr

e Oceanic heat flux specified

heat transfer

growi_ng
L sealc
(parous)

—imposed 0.1t0 0.2 m
below the sea ice—
ocean interface

—enforced by adjust-
Ing the temperature
of upwelling water

periodic periodic
boundary '@éﬁéﬁﬁé@“ " boundary

e Sea ice—atmosphere in- heat flux
terface: constant, or
constandT /dz
in i iodi convectin
e Domain is periodic seawate?
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5. Sea Ice permeabillity

Permeability—porosity relationship is 145
based on laboratory work dafox and J
Weeks (1975) Petrich et al., 2006). The 1l
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magnitude is calibrated to obtain salin-" *°
ities consistent with the model @@ox
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(1) =4 1x 109 m2 (f - 0.054)2 for 0.054< f <0.8

1x 10714 m? for f < 0.054

1

10 |
|+ -60...-30 Wm?

o 0Wm? ,
o 15...30 Wm?
. 40...60 Wm?
Vv

S/Sg

10_1_'
10° 10" 10° 10°

—dT/dz—- FX/k (Km™

Ratio between stable saliniy and seawater salinit$g as a func-
tion of temperature gradieml /dz and oceanic heat fluk,, of 10
computed salinity profiles. The solid line follows
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where

C* Fw for Fyw>0
w 0 for Fy<O

In the simulations, sea ice salinity appears to depend ondiottz
andF,, for Fy > 0. Water ofF < O contributes to the formation of
an extended porous interfacial layer.
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8. Salt flux
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Comparison of the mean salt fluxs = (Cw) determined from the
simulations with the parameterisation

(Dgaram: Cov ( B _) 2)

for Fyw > 0. C andw are the salt concentration and vertical veloci
component, respectively, of the ocean water. The ice groefdcity
v Is determined from the simulationCq and Cj. are the nominal
salt concentration of the water and the salt concentratidheosea
ice, respectively.Ci.e Is calculated from the sea ice salinig/ of
Equation (1).

O. Conclusion

e A fluid dynamics model has been used to determine paramete
tions of the stable salinity and the salt flux of growing sesa ic

e In larger scale models, the stable salinity profile of a gngnsea

iIce sheet can be parameterised based on the temperaturengra

and oceanic heat flux. The relationship follows a power law.

e The salt flux depends on the growth velocity and the stabieial
of the ice.
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